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Controlled Three Phase Half Wave Rectifiers

» The thyristor will conduct (ON state), when the anode-to-cathode voltage is
positive and a firing current pulse is applied to the gate terminal. Delaying
the firing pulse by an angle a controls the load voltage.

» The possible range for gating delay is between a = 0- and a = 180°, but
because of commutation problems in actual situations, the maximum firing
angle is limited to around 160e.




Controlled Three Phase Half Wave Rectifiers
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» When the load is resistive,
current id has the same
waveform of the load
voltage. As the load becomes
more and more inductive,
the current flattens and
finally becomes constant.
The thyristor goes to the
non-conducting condition
(OFF state) when the
following thyristor IS
switched ON, or the current,
tries to reach a negative
value.
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Controlled Three Phase Half Wave Rectifiers

Continuous & Dicscontinuous Conduction in Three-Phase Controlled Rectifier

For resistive load
=  (0°<=0<=30°, output voltage is
continuous.

= 30°<=a<=120° output voltage is
discontinuous and has some
intervals in which output voltage
IS zero.

= «>150°, output voltage is zero.

Resistive load Resistive load Resistive load
. iri =Q° Firing angle o =30° iri oc—q <=150°
For Inductive load Firingangke o.=0 gangle o (Foltzn(agog)ngle 30°<=a <=150
= There is no discontinuous
conduction mode for three-phase P . v v <—u—> v v

<

controlled rectifier if L>>R. N N 8
- BUt if L ~ R Or firing angle iS Very ° 300 ed o0 0 150 18§ 210 0" 270" 3o’ 330° 360" 390" 420 - o o - ot
large, discontinuities can be seen D T (T T (T y

in output as output voltage can
RL load

become zero in certain intervals |
(those intervals in which inductor vo| )
has quickly dissipated its energy
and firing angle hasn’t reached).
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Controlled Three Phase Half Wave Rectifiers

Voltuge
relative
to neutral

» The RL load voltage is
modified by changing firing
angle a. When a < 90°, V Is
positive and when a > 90e,
the average dc voltage
becomes negative. In such a
case, the rectifier begins to
work as an inverter and the
load needs to be able to
generate power reversal by
reversing its dc voltage.
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Controlled Three Phase Half Wave Rectifiers

For RL Load
onl T Ty Ty T
Supply Voltage
A v Vbn
Let

Vo = Vi sinwt

Vbn = VmSIH((Ut'ZT[/S) VOL |~ Load Voltage
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Controlled Three Phase Half Wave Rectifiers

For RL Load

Load current is always continuous. The dc component of the output voltage is
the average value, and load current is the resistor voltage divided by resistance.

—+a 3V
= —fn . Sinwt dwt = 33V

cos a
2T =+« 2T
1% 3v/3V,
Ije = % =""Tcos o
R 27R

The rms component of the output voltage and current waveforms are
determined from

5—”+a
1 3
Vins = f (V,sinwt)2dwt = V3V, \/g+§c052a
V g+0(
Voms V3V Jl V3
S —+—cos2a
JVR?Z + (wL)? \/RZ + (wL)2\6 87




Controlled Three Phase Half Wave Rectifiers

For Resistive Load

In the case of a three-phase half wave controlled rectifier with resistive-load, the
thyristor T, is triggered at ot=(30°+a) and T, conducts up to ot=180°. When
the phase supply voltage decreases to zero, the load current falls to zero and the
thyristor T, turns off. Thus T, conducts from ®t=(30° + a) to (180°).

1- when a<30(°
—+a
= fn 7, sinwt dot = N3V o
2V =+a 21
Igc = Vgc - 3\2/?12”":05 @
5—”+a
1 V3
Vs = |— f (Vpsinwt)2dwt = V3V, |-+ =—cos2a
6 8m
V g+a’
T
L Vems VB 1 VB 0730 usoe 2000 1
rms R R 6 81 S T_-,,‘_____.-.:
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Controlled Three Phase Half Wave Rectifiers

For Resistive Load

2- when a>30°

T
3 3Vn
dc_z— f Sma)tda)t—ﬁ(1+cos(6+a))
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n
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I = de — 1+ cos(
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s
3 .
- f(VmSlnwt)zda)t =
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3 57 1
Vims = Vi E(?—a+§sm(—+2a))—
|74 |74 3 5m 1 m
Lms = Tg”: ;‘\/4”(6 — a+5sin(z + 20))
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Controlled Three Phase Half Wave Rectifiers with
Freewheeling Diode
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Controlled Three Phase Full Wave Rectifiers

» Three phase full converter is a fully
controlled bridge controlled rectifier using
six thyristors connected in the form of a
full wave bridge configuration. All the six
thyristors are controlled switches which
are turned on at a appropriate times by
applying suitable gate trigger signals.

» The three thyristors (T,,T; andT:) will not work together at the same time or
two of them also will not work together at the same time.

» The three thyristors (T,,T, andT,) will not work together at the same time or
two of them also will not work together at the same time.

(T,and T,), (T3and Tg) or (T and T,) will not work together at the same time.
Each thyristor is triggered at an interval of 2z /3.

Each thyristors pair ((T¢&T,), (T, &T,), (T,&Ty), (T3&T,), (T,&T:), (Ts&Ty)) Is
triggered at an interval of 7/ 3,

» The frequency of output ripple voltage is 67

YV V V




Controlled Three Phase Full Wave Rectifiers

e If T1 IS trlggered at (30 + a) T3 will be triggered at (30 + a+120) and T;

- will be triggered at (30 + a+240). T, will be trlggered at (30 + a+180), T,
will be trlggered at (30 + a+120+180) and T2 will be trlggered at (30 +
a+240+180) | L AG

150° 2700
30° 60° 120° 180° 2400 300° 360°
60° 90° 150° 210° 270° 330° 390°

90° 1200 180° 2400 3000 360° 420°
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Controlled Three Phase Full Wave Rectifiers

» 240°)
SCR, (a + 240°) SCRs4.S (x+ ]

SCR, SCRs 3.4 Sl
@+ 180 SCR(a + 180° + 120°) (@ + 180" _ v (o 180°4 IO

(@ + 1207 : SCRs 6,1 (@)

-
SCR, [ SCRs 1,2
(ot + 180° + 240°) I (o + 180° + 2407)
=+ 60° N = @ + 60°
Single-Pulse Firing Scheme Double-Pulse Firing Scheme

» Thyristors are numbered in the order in which they are triggered.
» The thyristor triggering sequence is 12, 23, 34, 45, 56, 61, 12, 23, 34, ......
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Controlled Three Phase Full Wave Rectifiers

T, is triggered at ot = (30 + a), T, is already conducting when T, is turned ON.

During the interval (30 + ) to (90 + a), T, and T4 conduct together & the
output load voltage is equal to v, =v,, = (v,,— V},.).

» T,istriggered at ot = (90 + a), T, turns off naturally as it is reverse biased as
soon as T, is triggered. During the interval (90 + a) to (150 + a), T, and T,
conduct together & the output load voltage v, = v,. = (v,,, — V,,,).

» Tsistriggered at ot = (150 + a), T, turns off naturally as it is reverse biased as
soon as T, is triggered. During the interval (150 + a) to (210 + a), T, and T,
conduct together & the output load voltage v, = v,. = (v, — V,,,).

» T,istriggered at ot = (210 + a), T, turns off naturally as it is reverse biased as
soon as T, is triggered. During the interval (210 + a) to (270 + a), T;and T,
conduct together & the output load voltage v, = v,, = (V;,,, — V,,,)-

» Tcistriggered at ot = (270 + a), T, turns off naturally as it is reverse biased as
soon as T is triggered. During the interval (270 + a) to (230 + a), T, and T,
conduct together & the output load voltage v, = v, = (v, — V,,,).

» Tgistriggered at ot = (330 + a), T, turns off naturally as it is reverse biased as
soon as T is triggered. During the interval (330 + a) to (390 + a), T and Tq
conduct together & the output load voltage v, = v,, = (V,, - V).

Y VYV




Controlled

Three Phase Full Wave Rectifiers
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Controlled Three Phase_ Full Wave Rectifiers

When a=30

When a=60

A

V:ba

Y
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Controlled Three Phase Full Wave Rectifiers

A
Ve } V@b } \{ac } Vpc } Vpa Vea
: | : ; : 3 _—
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Ts LET \inw Ts
Ts T, \ T
When (1—90 T4, Ts Ts, T Te, T2 Ty, T T, T3 T3, Ty T4 Ts Ts, Tg Te, T4

Output Voltage '
when a =90 for
Resistive load

Output Voltage <
when a =90 for |
RL load
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Controlled Three Phase Full Wave Rectifiers

A L - e
Thyristor one ; <Vb\ L Za ) A . Ve Ve
(T,) voltage for =0’ /’
ccr. , . . / R wt
different firing >
angles.
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Controlled Three Phase Full Wave Rectifiers

Let
Von = Vipsinwt Vyn = Visin(wt-21/3) Vyn = Visin(wt-41/3)
_ : T . T 7
Vap = V3Vpsin(wt + g) Ve = V3Vpnsin(wt — E) V.q =V 3V, sin(wt — ?)
The dc component of the output voltage and current can be found as
L . T V3V,
Vie = %fgm V3V, sin(wt + 2dwt = > iV cos a
Ige = Vgc = 3\f;/mcos a

The rms component of the output voltage and current waveforms are
determined from

§+a
3 T_\2 1 3V3
Vims = - j (\/§Vmsin(wt+g)) dwt = \/§Vm\/§+ﬁc052a
| Eee
Vrms V3V jl 3V3
Lrms = = -+ ——cosZa
JRZ 4+ (wL)?2  /R? + (wL)2N?2 AT
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Controlled Three Phase Full Wave Rectifiers

Special case: resistive load a>6(P

The dc component of the output voltage and current can be found as

3 [ 3V3Y,
s
Vic = - J V3V, sin(wt + g)dwt = =
T
6+ Ve Ve VeV
Vge 3V3Vy
Ije = ; == cos(§+a) ‘

v

1 b, 240 AN\ 300 A0 O\ o A0\ 40 I\ 54

The rms component of the output
voltage and current waveforms are BEhEn
determined from | Ik 5 IE

Ts ‘ | T, | ‘ ‘ | T,
3 r T \2 TAst Tszs TejTl T1sz szTa Tsz4 T4iT5 Tszs TejTl
Vims = E j (\/EVmSIH((Ut + g)) dwt —+ . ©
e Fta
Lms = Vrms |
JR? + (wL)? -
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Controlled Three Phase Full Wave Rectifiers

Example: A three-phase controlled rectifier has an input voltage which is
480V, at 60 Hz. The load is modeled as a series resistance and inductance with
R=10 © and L=50mH. Determine the delay angle required to produce an
average current of 50 A in the load.

Ve = I3cR = 50 * 10 = 500V

V3V, = 480V

V.. 5007
a = cos‘1< de > = cos‘1< > = 39.5°
3V3V, 3v/2480
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Three Phase Full Wave Half Controlled Rectifiers
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> 3-phase semi-converters are three phase half controlled bridge controlled
rectifiers which employ three thyristors and three diodes connected in the
form of a bridge configuration. Three thyristors are controlled switches
which are turned on at appropriate times by applying appropriate gating
signals. The three diodes conduct when they are forward biased by the
corresponding phase supply voltages.

» The power factor of 3-phase semi-converter decreases as the trigger angle a
increases. The power factor of a 3-phase semi-converter is better than three
phase half wave converter.




Three Phase Full Wave Half Controlled Rectifiers

» Thyristor T, is forward biased when the phase supply voltage v, is positive and
greater than the other phase voltages v,,, and v, The diode D1 is forward
biased when the phase supply voltage v, is more negative than the other phase
supply voltages.

» Thyristor T, is forward biased when the phase supply voltage v, is positive and
greater than the other phase voltages. Diode D, is forward biased when the
phase supply voltage van is more negative than the other phase supply voltages.

» Thyristor T is forward biased when the phase supply voltage v, is positive and
greater than the other phase voltages. Diode D, is forward biased when the
phase supply voltage v, , is more negative than the other phase supply voltages.

» The frequency of the output supply waveform is 3fs , where fq is the input ac
supply frequency. The trigger angle a can be varied from 0 to 180°.




Three Phase Full Wave Half Controlled Rectifiers

For a>60°

» During the time period n/6<wt<77n/6 (i.e. 30°<wt< 210°) thyristor T, is forward
biased. If T, is triggered at wt=n/6+a, T, and D, conduct together and the line
to line supply voltage v, appears across the load. At wt=7xn/6, v, starts to
become negative and the free wheeling diode D, turns on and conducts. The
load current continues to flow through the free wheeling diode D,, and thyristor
T, and diode D, are turned off.

> If the free wheeling diode D, is not connected across the load, then T, would
continue to conduct until the thyristor T, is triggered at wt=5n/6+a and the free
wheeling action is accomplished through T, and D,, when D, turns on as soon as
V,, becomes more negative at wt=7n/6.




Three Phase Full

Wave Half Controlled Rectifiers

Waveforms for a=90°
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Three Phase Full Wave Half Controlled Rectifiers

1- 3 2> 1 3 2 1- 3

For (1<6OO on <X P, . T.Dy T 1Dy, 7 Th Dy | o]
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v | I Van : | : Vbn I | Ven | .

If the trigger angle i ﬁj—/ﬁﬁ
o<n/3 each thyristor x ”
conducts for 2n/3 and ,
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Three Phase Full Wave Half Controlled Rectifiers
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Three Phase Full Wave Half Controlled Rectifiers

Let

Von = Vipsinwt Vyn = Visin(wt-21/3) Vyn = Visin(wt-41/3)

For a>60°and Discontinuous Output Voltage

s
V, = Vo = V3V, sin(wt — g)

The dc component of the output voltage and current can be found as

7n

Vin

6
3 _ T 3
Ve = o f V3V, sin(wt — g)da)t =

T
g'l'a

(1+cos a)

Vie 3V3V,
l;. = = 1
de R R (1 + cos a)

The rms component of the output voltage and current waveforms are
determined from

71
6
3 T2 3V a sin2a
Vims = % j (@Vmsin(wt—g)) d(ut:—m\/l__+
+a

2 s 2T
4
\ 6
I _ Vims _ 3V 1 a sin2a
™ JRZ+ (wl)2  2\R%Z + (wL)? T 2m
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Three Phase Full Wave Half Controlled Rectifiers

For a<60°and Continuous Output Voltage

T
V, =V, = V3V,sin(wt + o)

The dc component of the output voltage and current can be found as

T

33V,
2T

3 7 _ T
Ve = o f V3V, sin(wt + g)dwt = (1 + cos a)
s

E'I'CC

Vie 3V3V,
l;. = = 1
de R 7R (1 + cos @)

The rms component of the output voltage and current waveforms are
determined from

n 51 :
2 6
3 3Vm |2 V3(cosa)?
VTmS . E J(Vab)zdwt + j (Vac)zdwt — Tm\/§ + -
T T
\J _g+a &
Vems 3Vin 2 V3(cosa)?
Lrms = = —+
JRZ + (wL)?  2{R% + (wL)?~3 n
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